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The  response  of  titanium  alloy  (6A1-4V)  to  simulated  nuclear 
cloud  particle  environments  is  addressed  in  this  combined 
experimental  and  analytical  study.  The  results  are  applicable 
for  ascent  vehicles  with  hot  titanium  structures  flying  through 
nuclear  burst  ice  or  dust  clouds.  A three-phase  exploratory 
program  was  conducted:  An  initial  oxidation  test  series  using 
an  SAI-designed  test  fixture,  a test  series  using  the  AEDC  Dust 
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20.  ABSTRACT  (Continued) 

Erosion  Tunnel  (DET) , and  a particle  impact  test  series  using 
the  SAI  hypervelocity  impact  facility.  Analytical  modeling 
of  titanium  oxidation  produced  results  in  close  agreement  with 
experiment.  Although  increased  oxidation  of  titanium  was 
confirmed  in  H2O  vapor  versus  O2  environment  tests,  no  net 
effect  of  liquid  H2O  and  O2  oxidation  under  combined  particle 
erosion  conditions  was  observed  in  the  AEDC  DET.  This  is 
believed  to  be  the  result  of  the  heat  of  vaporization  of  H2O 
exceeding  the  heat  of  oxidation  of  H2O  vapor. 
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APPENDIX  B 

SAI  OXIDATION  TEST  DATA 


B-1 


1 


SERIES  1 


OXIDATION  TESTS 


JANUARY  1977 
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THIS  PAGE  IS  BEST  QUALITY  PRACTICABIiB 
EROU  CWPY  FUKNISH£D  TO  DDC - 


Temperature  in  Degrees  C 


NICKEL-CHROMIUM  vs.  COPPER-NICKEL 

(Chromel-Constantan) 


TYPE  E 


Reference  Junction  at  0°C 


THCMOtltCTSIC  VOtlAM  IN  *SS«Ull  MliLIVOtrS 


-V.SM 

••.TVT 

•S.flf  -•.TtS 

•t.SlT 

-S.eTt 

-».>*» 

-s.osv 

•e.sso 

-t.iit  -•.set 

•T.est  -f.MS 

•S4Ht  •A.44( 
•44|4A 
»4«ll>  MfUi 


-«.4t4  .«.4*> 

•4.444 

-4.\ft1  -4.t44 

•4.4T4  -4.444 


44i4f|  -TtOlP 
44.444  •4.444 
44«^4«  -4. Ill 

•I.T44  ->.4>0 
•4. It?  -4. Ill 


-4. TIT  «k.4I« 
•4.141  -t.llO 
-1.411  .1.440 

.1.144  -4.111 

•J.T4T  -I. 414 

-1.144  .1.104 

-1.104  -I.T44 

.1.141  -1.144 

-4.441  -4.444 

0.004  -0.044 


-1.141  -1.414 

-1.414  -1.4T4 


-4.444  -4.4TT 
-4.444  -4.444 
-4.444  -4.444 

-4.111  -4.144 
•4.44T  -I.4TI 

-4.444  '4.  Ill 
•4.414  -4.444 
-4.111  -4.141 
-1.444  -T.4I4 
-T.444  -1.444 

•T.04S  -I.14I 
-4. >14  -4.T4I 
-4.414  *4.444 
-1.444  -4.414 
-4.440  -4.401 

-4.004  -4.044 
-4.141  -^.444 
-4.444  -4.10T 
-1.140  -1.410 
-4.0*1  -*««00 

-1.411  -1.4T4 
•1.041  -1.014 
-1.411  -1.40T 
-0.444  -0.014 


-T.244  -T.1T4 

•4.440  -4.00T 
-4.4T4  -4.414 
-4.044  -O.IOT 
•4.44T  -4.440 

-1.101  -4.14T 
-4.710  -4. ITT 
•4.111  -4.401 
•S.T41  -1.411 
-4.114  -1.404 

.2.144  -1.141 
-2.100  -2.144 
-1.414  -l.TOO 
-1.004  .rl.141 
-0.424  -0.401 


0.411  0.412 
l.OTl  1.111 
1.4Tt  1.T40 


1.414  1.401 
4.0T0  4.144 
4.T24  4.T04 


1.444  4.410  4.441 
4.1O0  4.144  4.110 
4.001  4.011  4.041 
4.111  4.4TO  4.444 
4.142  4.140  4. Ill 


It. 114  IT.144 
|t«04l  14.014 
14.110  14.T1T 
10.401  11.110 


21.401  2I.4T0 
11.141  12.441 
11.440  24.141 


TYPE 


U.140  11.111 

n.4T4  11.0*0 

12.440  11.441 


*1.441  *2.141 
*1.410  41.141 
**.114  **.110 


11.010  11.100 

11.411  11.011 

11,414  11.110 

41.444  14.121 

14.141  I*. Ill 

14.010  11.1*0 

llloil  14.114 

11. *44  11.4*1 

14. 101  14.114 

10.101  10.10* 

10.011  10.001 

4«.1t\  40.401 

41.410  *1.411 

42.110  *1.*|0 

*1.1*1  *1.210 

*1.0*1  44.014 

44.142  44.4*1 


**.*44  *1.1*0 
*4.10*  *4.114 
41.000  *1.140 
*1.004  *1.04* 
40.100  *0.100 


41.121  11.004 
11.414  10.411 
10.4*4  10.41* 


*1.140  4l.*1D 
*4.101  44.11* 
41.004  *1.000 

*1.411  a*.**! 
44.41*  *4.401 
*1.421  *1.101 
*4.210  *4.104 
40.010  *0.100 


r 1.100  14.110 

4.00*  14.01* 

04.O41  04.14* 


ill***  44.1*1 
40. 011  10.114 
40.044  *0.021 
*4.410  40.104 


14.411  14.4*0 
44.111  14.1*1 
*1.00*  *1.044 

*1.10*  11.41* 
It.M*  4*. 4*1 
*0.111  10.411 
40.11*  40.111 
*0.04*  li.Oll 
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JHIg  page  is  best  quality  PBAOIlOAKli 

ynou  OOfY  FURJUSHED  TO  DDQ  . 


Temperature  in  Degrees  C 


NICKEL-CHROMIUM  v«.  COPPER-NICKEL 

(Chromel-Constantan) 


TYPE  E 


Reference  Junction  at  0°C 


TYPE 


tMCWocilctau  yOLtMC  in  Msolwh  nIliivoliA 

..IT*  *i.isa  *i.»«*  «i.*i*  *t.**f  ti.fn  « 

1.**}  ai.e*l  A}.!!*  *l.t*T  *2. IT*  »l.>9*  * 

t.TM  •I.AII  *|.*oe  *t.*T*  AT.***  *>.l>«  * 

l.»2«  AI.MI  O.MO  *I.T»*  *>.*»•  •T.*l*  * 

i.tOT  *••**«  M.**«  **.*>*  M.*t*  «•.*•>  * 


•*.•11  *«.Te« 
«T.I*«  »T.4Te 
A*.l**  M.l** 

*•.«>«  **tOlT 

M.TOI  et.TT* 
TO.***  T*.*«] 
Tt.llT  Title* 
TI.«*T  Tl.OAl 

T|.T*»  TI.AIO 
Tl.iei  TI.IT* 
TA.II*  T«.tlO 
TI.OOT  Tl.e*) 
TI.TI*  T«.*l| 


«».iit  •i.iee 

*«.e*T  *•.!** 

A*.*l*  **.«IT 

•T.*ie  •I.ToT 
M.l**  A*.*!* 


T*.**e  7*. lie 
Tl.lll  ll.loT 
T«.**l  TA.OII 


AI.rt*  AI.AM 
Al.tlA  AI.%M 
Al.m  AI.IM 
AA.AA*  A*.1*T 
A4.AAT 

AI.AII  AI.TM 
M.IAA  A*. ATI 
AT.IM  at. 1*1 
at.*i*  M.ei* 
AA.iee  M.r*i 


1t.i1*  TI.IM 
T*.AI*  T*.|A* 
U.rtl  7*. AIT 
Tl.lll  Tl.AOA 
lA.IAl  TA.Ili 


Temperature  in  Degrees  C 


COPPER  vs.  COPPER-NICKEL 

(Copper-Constantan) 


TYPE  T 


Reference  Junction  at  0°C 


TWAMOCLiCiaiC  VOLTAAt  IN  MIMWTI  NlLl^VOlT* 


TYPE 


XTE*  sr-v. 


-A. Ill  -A.IlO 
•*.01*  -A.*!* 
-l.*l«  -l.*lA 
•I.T*}  -I.TA* 
-I.AM  -l.AIO 

-l.ATl  -l.**« 
•1.2*T  •1.111 
•1.10*  -l.llA 
•«.*OT  -•.VIO 
-*.A*1  -A.TIl 


-A.IlO  -A.l** 
-A. 04*  -A. 01* 

-i.*i*  -i.*ie 

-i.ae*  -i.Aii 

-l.AAl  -l.MO 


-A. IT*  -A. 1*1 
•A.***  -A.l** 


-l.ATl  -1.110 

-J:Ht  --l:K 


-l.i*«  -i.irv 
•1.1*1  -I.IIA 
-0.010  -e.AAT 


-*.111  -*.111 

•*.IT1  -*.f** 

•*.01*  -*.011 
-l.TA*  -|.T*I 
•l.*«l  -1.11* 

-l.lOA  -1.111 
-I.***  -2.*l* 

-I.A02  -l.ATl 
•1.1*1  -l.lll 
•l.*l*  -l.«*T 

•I.AI*  -I.A** 
-I.IAI  -l.2*« 
-0.*01  -O.AAO 
-0.11*  -O.ITI 
-0.11*  -0.1*1 


•1.1*1  -l.*l* 
-l.**A  -I.*T1 
-1.0*1  -I. Ill 
-O.T^o  -O.TIT 
•0.1*1  •0.1*1 


e.llT  O.IIA  0.1*1  0.11*  O.ITI  A.lll  e.ltl  *.1*1 

0. 110  0.1**  0.1**  0.*l*  O.AA*  O.T**  O.T**  A.T** 

e.*ii  e.*ii  e.**i  i.oii  i.oti  i.n*  i.m  i.i*« 

l.lie  I.IAI  l.*01  1.***  I.***  l.ll*  I.IA*  I.AIl 

1. TIA  I.TAO  I.AII  l.AAl  I.AOT  l.AIO  t.**l  I.OII 

I.IA*  I.IOT  I.IIO  I. If*  I.IIT  l.ltO  l.*l*  |**AT 

1.1**  I.A*I  I.AOT  I.TII  I.TTl  i.OI*  l.*A*  l.fOA 

1.0*1  l.OOT  l.lll  I.ITA  I.m  1.2AA  l.lll  l.llT 

l.*«l  1.11*  1.1*«  l.AIO  l.ATl  I.TII  I.TAT  l.«|l 

l.*l)  1.***  *.**«  1.0*1  *.I1T  *.!**  *.111  *.ITT 

*.«l*  «.**!  *.111  *.11*  *.*0T  *.Al*  *.Tel  *.T** 

*.**!  *.*!«  *.**T  1.011  1.0*1  l.lll  I.IT*  t.llT 

I.ITI  l.AIO  l.*A*  l.llT  I.IA*  I.AII  l.AAl  I.TII 

l.*l*  l.«0*  1.*1T  A.OOT  *.01*  A. 101  A.lll  A.IO* 

A.lll  *.*01  A.All  A. 101  A.lll  A.AOl  A.lll  A.TOI 


A. All  A.AOl 
T.IAO  T.AII 
T.ATl  T.*|* 

0.1*1  0.A41 

O.fll  0.*** 


T.OO*  1.011  T.IO*  T.llA  T.IOT 

T.m  T.IA*  r.*|l  T.AAA  T.riO 

*.0|T  O.OT*  *.111  0.1*1  *.211 

*.1«*  *.*00  O.All  A.TOI  O.TIT 

*.0T*  A.IIT  f.lOO  *.111  A.IAA 

l.AOA  *.A1*  *.T|1  A.TaT  f.OfO 

lO.IA*  If. I**  10.111  10.10*  lO.lAO 

10. AOT  ie.T*l  lO.Tf*  to. *11  I0.*01 

If. Ill  11.1*0  11.1*1  II. *01  II.*** 

It. TO*  il.**«  II. *00  II. *1*  II.OII 

II.IAT  It. *01  II. *1*  11.111  ll.lTt 

11.  *10  II.AAT  lI.elA  II.OAO  II.IIT 

I*. AT*  11.111  11.1*1  ll.***  Il.TST 

lA.Oll  14.10*  I4.IM  I*. It*  I*. 1*1 

lA.AI*  I*.***  I*.T*«  I*. *01  I*. AM 

11.10*  II.IAT  11.11*  It. 10*  ll.**l 

il.Tfl  11. All  11. All  ll.*T|  lA.Ol* 

I*. IS*  I*.***  I*. 1*1  lA.lAI  lA.AII 

lA.fT*  IT. 0*0  1T.**T  II.IIT  IT.IIT 

IT. IT*  IT.***  IT.***  IT.Tl*  IT.ai* 

I*. IT*  lO.IIA  I*. I**  I*.***  I*.*l* 

lA.TA*  l*.*«l  I*. *01  I*.***  lA.OIT 

I*. 1*1  I*. *11  lA.llA  lA.ATT  IA.AA* 

lO.OOA  lO.OM  IO.lt*  10.1*1  I*. *01 

lO.AIt  I*.***  lO.T**  I*.***  »*.**• 


THIS  PAGE  IS  BEST  QUALITY  PRACriCAlIil 
EBUil  COl'Y  FUKHISHED  ^ 

PLATINUM  v«.  PLATINUM-10%  RHODIUM  TYPE  S 

Temperature  in  Degrees  C Reference  Junction  at  0”C 


OC«  COl2f«»4T|tie  M6  C 
THCmoCLlCTaiC  V0LT*«C  in  At»OCUTf  nlLltVOAU 

0 0*000  0*000  0*011  0*0U  0*012  0*02T  0.009  0*090  0*0«*  0*090  0*099  0 
10  0*099  0*0*1  0.04T  0*0l2  0*090  0*00*  0.000  0*009  0.101  0*107  0*119  10 
20  0*119  0*110  0*129  0*191  0*197  0*1*2  O.u#  o.i»«  0*1*1  0*1*7  0*179  20 
90  0*179  0*179  0*109  0*101  0*107  0*209  0«2l0  0*21*  0*222  0*220  0*299  90 
*0  0*299  0*2*1  0*2*7  0*29*  0*2*0  0*2**  0.279  0.270  0*20*  0*202  0*200  *0 

90  0*200  0*909  0*912  0*910  0*929  0*991  0.990  0*9*9  0*991  0*990  0*9*9  90 
*0  0*9*9  0*971  0*970  0*909  0*901  0*900  0**e9  0**12  0**10  0**29  0**92  *0 
70  0**92  0**90  0.***  0**99  0***0  0***7  0.*7*  0**01  0**00  0**09  0*902  7e 
00  0*902  0*900  0*91*  0*929  0*990  0*997  0*9«*  0.991  0*990  0.9**  0*979  *0 
00  0.979  0.900  0*907  0*90*  0**02  0**00  0**1*  e**29  0**91  0**9*  0***9  00 

100  0***9  0**99  0***0  0***7  0**79  0***2  0**00  0**07  0*70*  0*712  0*710  100 
110  0.710  0*727  0*79*  0*7*2  0*7*0  0*797  0*7o«  0.772  0*700  0*707  0*709  110 
120  0*709  0*002  0*010  0*010  0*029  0*099  0*0*1  0.0*0  0*09*  0.0**  0.072  120 
190  0*072  0*07*  0.007  0*009  0*909  0*010  0*010  0.02*  0*09*  0*0*2  0*090  190 
1*0  0.090  0*997  0*0*9  0*079  0*001  0*000  0*007  1.009  1.019  1*021  1.020  1*0 

190  1*020  1*097  1.0*9  1*099  1*0*1  1*0*9  1.077  1*009  1*009  1*101  1*100  190 
1*0  1*100  1*117  1*129  1*199  1*1*1  1*1*9  1.190  1.1**  1.17*  1*102  I.IK  1*0 
170  1*190  1*100  1.207  1*219  1*229  1*291  1*2*0  1*2*0  1.29*  1*20*  1.279  1 *0 
100  1.279  1*201  1*200  1*207  1.90*  1*9U  1*922  1*991  1*990  1*9*7  1.99*  1*0 
100  1.99*  1.9**  1*979  1*901  1*909  1.90*  l.*o*  1**19  1**29  1**92  1***0  IH 

200  1***0  1***0  l.*97  l.**9  l.«7«  l.**2  i.«oi  l.*00  I*9o0  1*91*  1*929  200 
210  1*929  4*99*  1*9*2  1*991  1*999  1*9*0  1.97*  1.909  1.90*  l.*02  l.Oll  210 
220  1**11  1**2C  l.*2*  1**97  l.**9  1.09*  l.**9  l.*71  1**00  1**00  1.000  220 
290  l.OOO  1.70*  1*719  1*72*  1*792  1*7*1  1.790  1*799  1*7*7  1*77*  1.709  290 
2*0  1*709  1.70*  1.002  1*011  1*020  1*020  1.090  1.0**  1.099  1.0**  1.079  2*0 

290  1.079  1.002  1.001  1.009  1*000  1*017  1,02*  1.099  1*0*4  1.099  1.0*2  290 
2*0  1*0*2  1.071  1*070  1.000  1*097  2.00*  2*0l9  2*02*  2*099  2.0*2  2.091  2*0 
270  2*091  2*0*0  2*0*0  2.070  2*007  2*00*  2.109  2.11*  2*129  2*192  2*1*1  27e 
200  2*1*1  2*190  2*190  2*1*0  2*177  2*11*  2.199  2.20*  2.219  2.222  2*292  2*0 
200  2.292  2*2*1  2*290  2*290  2.2*0  2*277  2.20*  2*209  2*90*  2.91*  2*929  200 

900  2*929  2*992  2*9*1  2*990  2.990  2.9*0  2.970  2.907  2.90*  2**09  2**1*  900 
910  2.*>*  2*42*  2. *99  2***2  2. *91  2.**0  2. *70  2**70  2**00  2**07  2.90*  910 
920  2.90*  2*91*  2*929  2*99*  2.9*9  2.999  2.9*2  2.971  2*901  2*900  2*900  120 
990  2*900  2**00  2**10  2**27  2**9*  2*0**  2.099  2.***  2**7«  2.009  2**02  990 
9*0  2**02  2*702  2*711  2*720  2.790  2.790  2.7*0  2.790  2*7*7  2*77*  2.70*  9*0 

990  2.70*  2*709  2*009  2*01*  2*029  2.099  2.0*2  2.092  2.0*1  2*070  2.000  190 
9*0  2*000  2*000  2.000  2*000  2*017  2.027  2*090  2.0*0  2.099  2.0*9  1.07*  1*0 
970  2.07*  2*00*  2*009  9*009  9.012  9.022  9.091  9.0*1  9.090  9.090  9.0*0  970 
900  9*0*0  9.070  9.000  9*007  9.107  9.117  9.12*  9.19*  9.1*9  9.199  9.1**  9*0 
900  9.1**  9.17*  9*109  9*109  9*202  9.212  9.221  9.291  9*2*1  9.290  9*2*0  900 

*00  9*2*0  9*2*0  9*270  9*200  9*200  9*900  9.917  9*927  1.99*  9*9*0  9.99*  *00 
*10  9.99*  9.1*9  9*979  1.90*  9*90*  9.*0*  9**19  9. *29  9**99  l.**2  9. *92  *10 
*20  9**92  9***2  9**71  9**01  9.401  9.900  9.910  9.920  9*920  9.990  9*9*0  *20 
*10  9*9*0  9.990  9.9*0  9*970  9.907  9.907  9.*o7  9**1*  9**2*  9**9*  1.0*9  *90 
**0  9.0*9  9**99  9***9  9**79  9**0*  9. *04  1. 2o4  9*72*  9.729  9.799  9.7*9  **0 

*90  9.7*9  9*792  9.7*2  9*772  9.702  9.701  l.OQl  9.011  1.021  9.011  9.0*0  *9o 
**0  9.0*0  9.090  1.0*0  9.070  1.070  9.000  l.fO*  ,.t20  9.010  **0 
*70  1.090  9.0*0  9.090  9.0*0  9*077  9.007  «.007  *.017  *.027  *.09*  *7e 
*00  **09*  *.0**  *.09*  *.0*0  *.07*  *.00*  *.009  *.109  *.119  *.129  *.199  **0 
*70  *.199  **1*9  *.199  *.1**  **17*  *.10*  *.|**  *.20*  **21*  **22*  *.29*  *00 

900  *.29*  *.2*9  *.299  *.2*9  **279  *.209  *.209  *.909  **919  *.129  *.919  900 
910  *.999  *.9*9  *.992  *.9*2  **972  *.902  *.102  *.*02  *.*12  *.*22  *.*12  910 
920  *.*92  *.**2  *.*92  *.**2  *.*72  *.*02  *.*02  *.902  *.912  *.922  *.992  920 
990  *.992  *.9*2  *.992  *.9*2  *.972  *.902  *.902  *.*02  *.*12  *.*22  *.*92  990 
9*0  *.*92  *.**2  *.*92  *.**2  *.*72  *.*02  *.»02  **702  **712  **722  *.792  9*0 
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9*0  *.092  *.0*2  *.092  *.0*2  *.079  *.009  *.009  *.009  *.019  «.f21  *.099  9*0 
970  *.099  *.0*9  *.091  *.0*9  **079  *.00*  *.00*  9.00*  9*01*  9.02*  9.09*  9 7o 
900  9.09*  9.04*  9*09*  9*0*9  9*079  9.009  9.009  9.109  9.119  9.129  9.19*  900 
940  9*19*  9.1**  9*19*  9.1**  9.17*  9.10*  9.107  9.207  9.217  9.227  9*297  900 


[ *00  9.297  9.2*7  9.290  9.2*0  9.270  9.201  9.200  9.900  9.910  9.920  9.990  *00 
I *10  9.190  9*990  9.9*0  9*970  9.900  9.901  9. *01  9. *11  9. *21  9**11  9.4*2  *1.7 
I *20  9.**2  9*492  9***2  9**79  9**09  9**01  9.9o9  9*91*  9.92*  9.91*  9.9**  *2o 
! *90  9.94*  9.999  9*9*9  9*979  9*90*  9*90*  9.*0*  9.017  9.*27  9. *97  9.0*0  *10 

**0  9.0*0  9**90  9.**0  9**70  9.O0*  9*700  9.7lO  9.720  9*711  9.7*1  9*791  **0 

*90  9*791  9.7*2  9.772  9*702  9.701  9*00}  9.01*  9.02*  9*01*  9.0*9  9.099  *90 
* **0  9.099  9.0**  9.07*  9.007  9.007  9*007  9.010  9*020  9*010  9*0*0  9.0*0  **0 
I *70  9.0*0  9*070  9.000  9*041  *.001  0*012  *.022  *.011  *.0*1  *.09*  *.0**  *70 
. *00  0*00*  0*079  *.009  O.OO*  *.10*  0.117  0.127  *.190  *.1*0  0.190  *.1*0  0*0 
I *00  0.1*0  0.100  0.100  0.201  0.211  0*222  *.212  *.2*1  *.291  0.2**  *.2T*  *Oo 
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TYPE 


MIW  MPUIMCI  TAtUI 
IWSfSMMt  M • L CMCMAI  PMl 


oe*  CO  1 2 TSflO  M«  c 
THCMOClCCTKIC  VOCTAM  IM  M«OLUTC  MtCklVOtTS 

too  I.Mt  0«*t0  O.tTl  0««t2  0«*ts  ••>0*  O-Vlf  0»t2T  0*tM  t*t*t  O.tOO  tOO 
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tto  ••019  •*••*  •.••>  o.YoT  9,n»  ••nt  o.toi  ••rta  ••ui  ••tu  o*!**  •<• 
•90  a.T**  O.YtT  0.000  0.020  0.091  0.0*>  0.09*  0.009  O.OTO  0.000  o.ott  .*>0 
0*0  O.OVt  o.tio  0.022  0.099  0.0**  0.090  0.007  0.070  0.000  O.OOl  O.Otl  0«« 

090  0.012  0.02*  0.099  0.0*7  0.090  0.000  0.001  0.002  0.109  0.119  0.120  090 
000  0.120  0*190  0.1*0  0.100  0.172  0.109  0.109  0.200  0.217  0.220  0.2*0  000 
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OtO  0.999  0.900  0.970  0.900  0.*01  0.*12  0.*2*  0.«99  0.*07  O.*90  0.*7e  000 
000  0.*70  O.OOl  O.*09  0.90*  0.910  0.927  0.910  0.990  0.902  0.979  0.909  000 
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RUN  NO.  4 


DATE:  1/25/77 


Type  "E"  1200® K,  Helium  Thermocouple,  23® C Reference 
Pressure  = . 5 atm 
AW  = 2.00  mg 
Disk  Sample 

Comment:  Good  data  but  note  weight  gain  in  Helium! 


Time  (sec) 

0 

15 

30 

45 

60 

75 

90 

105 

120 

150 

180 

192 

195 


Output  (my) 
0 

27.5 

46.5 

57.5 

62.0 

64.5 

65.5 

67.0 

68.5 

70.0 

70.0 

70.0 

66.5 


B-8 


RUN  NO.  5 


DATE:  1/26/77 


Type  "E"  1200 °K,  Helium  Thermocouple,  23 °C  Reference 
Pressure  = . 5 atm 
AW  = 1.44  mg 
Disk  Sample 

Comment:  Good  data  with  repeat  of  weight  gain  in  Helium! 

Output  (my) 

0 
31 
44 

56.5 
63 

65 

66 

67 

68 
69 

69.5 

70.5 
71 

71.5 

71.5 
69 
54 


I 


Time  (sec) 

0 

6 

15 

30 

45 

60 

75 

90 

105 

120 

135 

150 

165 

180 

192 

195 

210 


DATE:  1/26/77 


RUN  NO.  6 

Type  "E"  1200®K,  Argon  Thermocouple,  23“c  Reference 

Pressure  = . 5 atm 
AW  = 2.0  mg 
Disk  Sample 

Comment:  Weight  gain  in  Argon! 


Time  (sec) 


Output  (mv) 


0 

15 

30 

45 

60 

62 


0 

40 

61 

69.5 

71 

0 


RUN  NO.  7 


DATE;  1/26/77 


Type  "E"  1200°K  Thermocouple,  23°C  Reference 
Pressure  = . 5 atm 
AW  = 7.15  mg 
Disk  Sample 

Comment:  Good  data,  no  He/Ar  purge 


Time  (sec) 


Output 


0 

0 

6 

32 

15 

52 

30 

67 

45 

70 

60 

70 

90 

70 

120 

70 

150 

70 

180 

70 

210 

70 

240 

70 

270 

70 

300 

69 

315 

58 

i 


(mv) 


RUN  NO.  8 


DATE:  1/26/77 


Type  ”E"  1200“k,  O2  Thermocouple,  23°C  Reference 

Pressure  = . 5 atm 
AW  = 1.62 
Disk  Sample 

Comment:  Looks  okay  - short  run  time  however 


Time  ( sec) 


Output  (mv) 


0 

6 

15 

30 

33 

39 

45 

60 

90 

93 

105 


0 

29 

49 

67 

68 

68.5 

70 

70 

70 

70 

57 


RUN  NO.  9 


DATE:  1/26/77 


I 


I 

i 


I 


Type  "S"  1000'’k,  O2  Thermocouple,  23‘’c  Reference 

Pressure  = .5  atm 
AW  = 1.05 

Rectangular  sample 

Comment:  Looks  good  - longer  running  time 


Time  (sec) 

0 

6 

15 

30 

45 

60 

75 

90 

105 

120 

135 

150 

180 

210 

240 

270 

300 

330 

360 

390 

420 

450 

480 

510 

540 

570 

585 

594 

600 


Output  (mv) 
0 

1.4 
2.9 

5.0 

6.1 

6.55 
6.65 
6.65 
6.6 

6.55 

6.55 

6.5 

6.5 
6.45 
6.45 

6.4 

6.4 

6.4 

6.4 
6.  4 

6.4 

6.4 

6.4 

6.4 

6.4 

6.4 

6.4 

6.4 

5.4 
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RUN  NO.  10 


DATE:  1/26/77 


’I 


Type  "S"  1200®  K,  O2  Thermocouple,  23®  C Reference 
Pressure  = . 5 atm 


Aw  = 5.35  mg 
Rectangular  Sample 

Comment:  Arco-over  at  75  seconds  with  cool-down  and  subsequent 

re-heat 


Time  (sec) 


Output  (mv) 


0 

15 

30 

45 

48 

60 

75 

90 

105 

120 

150 

165 

180 

195 

210 

216 

225 

240 

270 

285 

300 

330 

360 

390 

420 

450 

465 

480 


0 

2.8 

5.1 

6.3 

6.5 

7.5 

8.0 

5.2 
3.9 

3.05 
2.1 
1.8 

4.7 

7.2 

8.1 

8.3 

8.7 
8.75 
8.75 
8.  75 
8.7 
8.7 

8.6 

8.5 

8.4 

8.3 
8.25 

5.4 
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RUN  NO.  11 


DATE:  1/27/77 


Type  "S"  1500“K,  0 
Pressure  = . 5 atm 
AW  = 22.7 

Rectangular  Sample 
Comment 


Time  (sec) 
0 

10 

15 

20 

30 

35 

40 

41 
45 
50 
60 
70 
75 
80 
90 
95 

100 

105 

110 

115 

120 

130 

140 

150 

151 
155 


data  some 

Output  (mv) 

0 

2.8 

4.5 
6.1 
8.1 

8.6 

9.1 

9.2 

8.4 

9.4 
10.6 
10.8 
10.5 
10.8 

12.2 
12.0 

12.3 

12.4 

12.4 
12.3 

12.2 

12.2 

12.2 

12.2 

12.2 

9.3 


2 Thermocouple,  23''C  Reference 


Long  transient  period  to  reach  1500 °K 
what  questionable! 


B-15 


RUN  NO.  12  DATE:  1/27/77 

Type  "S"  ISOO^K,  H2O,  23°C  Reference 
Pressure  = . 5 atm 
AW  = 35  mg 
Rectangular  Sample 

Comment:  Some  oxide  coating  lost,  weight  gain  should  be  larger 


Time,  (sec) 


Output  (mv) 


0 

.5 

5 

10 

15 

20 

25 

30 

32 

35 

40 

45 

50 

55 

60 

70 

80 

83 

85 


0 

.2 

.2 

.6 

2.0 

4.3 

6.8 

8.4 

8.8 

10.1 

11.3 

11.4 

11.5 

11.6 
11.5 
11.5 
11.4 
11.4 

9.4 


B-16 


RUN  NO.  15 


DATE:  1/28/77 


Type  "S"  1200“k,  H2O  Thermocouple,  23®C  Reference 

Pressure  = . 5 atm 

AW  = 5.37  mg 

Rectangular  Sample 

Comment:  Good  data 


Time,  (sec) 


Output  (mv) 


0 

5 

10 

20 

25 

30 

35 

40 

45 

50 

55 

60 

70 

80 

90 

100 

110 

120 

130 

135 

140 

143 

150 

160 

165 

170 

180 


0 

1.25 

3.7 

7.8 
8.65 
8.95 
9.0 

9.05 
9.0 

8.8 

8.7 
8.65 

8.6 
8.5 
8.45 

8.4 

8.35 

8.3 
8.15 
7.9 

7.7 
7.55 

7.7 

7.5 

7.3 

7.4 

7.35 
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RUN  NO.  15  Continued 


Time  (sec) 

185 

190 

200 

210 

220 

230 

235 

240 

250 

260 

270 

280 

290 

300 

310 

320 

330 

340 

350 

360 

370 

380 

390 

400 

410 

415 

420 


Output  (mv) 

7.4 

7.5 

7.8 

8.1 

8.5 

8.8 

8.7 
8.65 

8.7 

8.7 

8.7 

8.7 

8.7 

8.7 

8.7 

8.6 
8.6 
8.55 
8.5 

8.5 
8.45 
8.4 
8.4 
8.35 
8.3 
8.3 

6.6 
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RUN  NO.  16 


DATE:  2/1/77 


Type  "E"  1200®K,  Air  Thermocouple,  23“c  Reference 
Pressure  = .5  atm 
AW  = 4.2  mg 
Rectangular  Sample 

Comment:  Strip  chart  not  available 


Time  (sec) 


Output  (mv) 


B-19 


RUN  NO.  17 


DATE;  2/1/77 


Type  "E"  1200°K,  Air  Thermocouple,  23‘’c  Reference 
Pressure  = . 5 atm 
AW  = 6.2  atm 
Rectangular  Sample 

Comment:  Strip  chart  not  available 


Time  (sec) 
0 

10 

20 

30 

40 

50 

59 

60 
65 
70 

71.5 

80 

85 

90 

95 

100 

105 

110 

120 

130 

140 

150 

160 

165 

170 

180 

185 


Output  (mv) 
0 

2.54 

5.25 

7.00 

7.85 
8.15 
8.35 
8.10 

7.00 

6.25 
6.10 
6.80 
7.20 

7.90 

8.55 
8.75 
8.80 

8.90 

9.0 
9.05 
9.05 

9.00 
8.90 

8.85 
8.75 
8.70 
8.65 
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RUN  NO.  18 


DATE:  2/1/77 


1 Type  "S"  ISOO^K,  0-  + H2O  Thermocouple,  23‘’C  Reference 

Pressure  = .5  atm 

AW  = 15  mg 

Rectangular  Sample 

Comment:  Some  oxide  flakes  lost 

Time  (sec) 

Output  (mv) 

! 0 

0 

2 

.4 

4 

. 8 

10 

3.0 

i 

4.9 

20 

6.6 

25 

8.1 

i 30 

9.0 

1 35 

10.0 

40 

10.6 

44 

10.8 

50 

11.5 

60 

11.9 

70 

12.0 

00 

0 

12.0 

90 

12.0 

95 

11.9 

102 

11.9 

105 

1 

i 

8.8 

B-23 
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NOTE:  All  specimens  1 cm  x 2 cm  x 0.2  cm.  Mass  = 1.8  gms.  Thermocouples  Type 

Reference  Temperature,  IS^C.  Chart  speed  0.1  in/sec. 


RUN  NO.  1 


DATE:  5/10/77 


Type  "S" 


Comment : 


Shakedown  and  calibration  run 


Time  (sec) 
0 

10 

20 

30 

40 

50 

60 

65 

70 

80 

90 

100 

110 

120 

130 

140 

147 

150 


Output  (mv) 
0 

4.0 

6.9 

10.2 

11.1 

12.1 

12.4 

12.5 

12.5 

12.5 

12.5 

12.6 

12.6 

12.6 
12.7 
12.7 

12.7 

10.8 


RUN  NO.  2 


DATE:  5/10/77 


Type  "S" 
Pressure 
AW  = 16. 

Comment : 


1500° K,  ©2  Thermocouple,  18° C Reference 
= . 5 atm 
15  mg 


Good  test  data 
Time  (sec) 

0 

10 

15 

20 

25 

28 

30 

35 

40 

50 

60 

70 

75 

80 

90 

95 

100 

110 

120 

127 

130 


Output  (mv) 
0 

5.6 

8.1 

10.0 

12.1 

12.4 
12.3 
12.1 

12.05 
12.0 
11.9 
11.9 
12.0 
12.0 
12.0 
12.1 
12.1 
12.1 
12.0 
12.0 

9.8 


B-27 


RUN  NO.  3 


DATE:  5/10/77 


Type  " S " 
Pressure 
AW  = 19. 

Comment : 


1500° K,  O2  Thermocouple,  18° C Reference 
= . 5 atm 
74  mg 


Good  test  data 

Time  (sec) 

0 

10 

15 

20 

25 

30 

35 

40 

50 

55 

60 

70 

75 

80 

90 

100 

110 

120 

129 

130 


Output  (mv) 
0 

6.0 

8.2 

10.0 

11.6 

12,0 

11.9 

11.8 

11.7 

11.6 

11.7 

11.8 
11,8 
11.9 
11.9 
11.85 
11.8 
11.8 
11.8 
11.0 


B-28 


RUN  NO.  4 DATE:  5/11/77 

Type  "S"  1700 °K,  O2  Thermocouple,  18 °C  Reference 
Pressure  = .5  atm 
AW  = 73.75  mg 


Commer.t:  Temperature  varies  significantly  between  1500  - 
1700'’k,  questionable  data 


Time  (sec) 
0 

10 

15 

20 

25 

28 

30 

35 

40 

50 

60 

65 

70 

75 

80 

90 

100 

110 

120 

122 

125 


Output  (inv) 
0 

6.3 

8.6 

11.6 

13.1 

13.0 

12.9 
12.8 
12.8 

13.1 

14.0 

14.1 

14.0 

13.9 
13.8 
13.5 
13.3 

13.0 

13.0 

13.0 

9.8 


B-29 


RUN  NO . 5 


DATE;  5/11/77 


Type  "S" 
Pressure 
AW  = 7.69 

Comment : 


1500°K,  H20(v)  Thermocouple,  18°C  Reference 
= .15  atm  at  start,  .5  atm  at  end  of  run 
mg 


Widely  varying  pressure 

Time  (sec) 

0 

1 

2 

6.5 

7 

18 

20 

30 

35 

40 

45 

50 

55 

58 

60 

65 

70 

80 

85 

90 

100 

110 

115 

120 

130 

138 


questionable  result 

Output  (mv) 

0 

1.0 
. 8 
.8 
.2 
.2 
1.0 

5.9 

7.2 

7.9 
8.6 

9.3 
9.6 
9.55 
9.6 

10.3 
11.0 

11.4 
11.55 
11.  8 
12.0 
11.95 
11.8 
11.8 
11.7 
11.6 


B-30 


AO-A05S  666 


UNCLASSIFIED 


SCIENCE  applications  INC  EL  SE6UN00  CALIF  F/6  11/6 

TITANIUM  RESPONSE  TO  SIMULATED  NUCLEAR  CLOUD  PARTICLE  ENVIRONME— ETC<U) 
AU6  77  L E DUNBAR*  R M CLEVER*  6 H BUR6HART  DNA001-76-C-0366 


SA I -76-561-LA-V0L-2 


DNA-4404F-2 


4 of4 

ADA 

066B66 

a 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

END 

OAT( 

FIIHED 

8 78 

ooc 

RUN  NO.  5 Continued 


RUN  NO.  6 


DATE:  5/13/77 


Type  "S",  1500  K,  O2  Thermocouple,  18  C Reference 


Comment:  Test  invalid  as  oxide  scale  was  lost 


Time  (sec) 
0 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

90 

100 

110 

120 

130 

131 
135 


Output  (mv) 
0 

6.2 

8.1 

9.6 

11.2 

11.8 

11.9 

11.8 

11.9 

12.15 

11.4 

11.4 

11.6 

11.9 

12.0 

12.0 

12.0 

12.0 

11.95 

11.9 

11.9 

11.9 

9.3 


B-32 


RUN  NO.  7 


DATE:  5/13/77 


Type  "S"  1700 °K,  O2  Thermocouple,  18 °C  Reference 
AW  = 101.76  mg 

Comment:  1)  Arc-over  and  shut  down  after  50  seconds 

2)  Temperature  varies  significantly  between  1600-1700 “k 

3)  Data  difficult  to  use 


Time  (sec) 


22.5 


B-33 


Output  (mv) 


13.9 


13.5 

13.5 

13.5 


13.75 


RUN  NO.  8 


DATE:  5/13/77 


Type  "S" 
Pressure 
AW  = 46. 

Comment : 


1500“k,  H20(v)  Thermocouple,  IB^C  Reference 
= . 5 atm 
57  mg 


Good  test  data 

Time  (sec) 

0 

5 

10 

15 

20 

25 

30 

35 

40 

50 

60 

70 

75 

80 

85 

90 

100 

110 

120 

122 

125 


Output  (mv) 
0 

4.4 

6.0 

8.4 

11.4 

12.5 
12.3 
12.1 
12.0 
11.9 
11.8 
11.  8 
11.8 
12.1 
12.1 

12.05 
12.0 
11.9 
11.9 
11.9 

9.6 


B-34 


1 

i 

■) 


RUN  NO.  9 DATE;  5/13/77 

Type  "S"  1500 ®K,  Thermocouple,  18 ®C  Reference 
Pressure  = . 5 atm 
AW  = 22.34  mg 


Comment:  Good  test  data 

Time  (sec) 

0 

10 

15 

20 

25 

30 

32 

35 

40 

50 

60 

70 

75 

80 

90 

100 

110 

120 

130 

135 


Output  (mv) 
0 

5.8 

7.9 
9.3 

11.5 
12.2 

12.5 
12.3 
12.0 
11.8 
11.75 

11.7 
11.9 
12.0 
12.0 
12.0 
11.9 
11.85 

11.8 
8.5 


RUN  NO.  10 


DATE:  5/13/77 


Type  "S" 
Pressure 
AW  = 35. 

Comment : 


1500®K,  H20(v)  Thermocouple,  18°C  Reference 
= . 5 atm 
22  mg 


Temperature  slightly  low  during  run 


Time  (sec) 
0 

10 

15 

16 
17 
20 
25 
30 
40 
45 
50 
60 
70 
80 
90 

100 

110 

113 

118 

120 


Output  (mv) 
0 

8.0 

10.4 
11.0 
11.0 

11.5 
11.4 

11.3 

11.4 

11.6 
11.8 
11.8 
11.8 
11.8 

11.7 
11.65 
11.6 
11.6 

11.8 

10.4 


B-36 


RUN  NO.  11  DATE:  5/16/77 


Type  "S"  ISOO^K,  H20{v)  + ©2  Thermocouple,  18®C  Reference 
Pressure  = .5  atm 
AW  = 18.81  mg 

Comment:  Significant  pressure  change  may  make  data  questionable 


Time  (sec) 

Output  (mv) 

0 

0 

10 

6.5 

15 

8.9 

20 

11.0 

25 

12.4 

28 

12.5 

30 

12.4 

35 

12.3 

40 

12.2 

45 

12.2 

50 

12.1 

55 

12.1 

60 

12.05 

70 

12.0 

80 

12.0 

90 

11.95 

100 

11.9 

110 

11.9 

120 

11.85 

125.5 

11.85 

130 

8.8 

RUN  NO.  12 


DATE;  5/16/77 


Type  "S"  1500 “k,  H20(v)  + O2  Thermocouple,  18 °C  Reference 
Pressure  = .5  atm 
AW  = 19 . 66  mg 


Comment;  Good  data  but 

Time  (sec) 

0 

10 

15 

18 

20 

25 

30 

35 

40 

50 

60 

70 

80 

90 

95 

100 

105 

110 

115 

120 

130 

132 

135 


temperature  slightly  low 

Output  (mv) 
0 

6.2 
8.4 
9.2 

10.0 

11.5 

11.9 

11.8 

11.8 

11.9 
11.  8 
11.  8 

11.8 
11.  8 

11.7 
11.75 

11.8 

11.9 

12.0 

12.0 

12.0 

12.0 

9.8 


B-38 


RUN  NO.  13 


DATE:  5/16/77 


Conunent : 


i 


Calibration  for  1700 °K  case  overshoot  caused  specimen 
to  melt  off  thermocouple 


Time  (sec) 


Output  (my) 


0 

0 

10 

8.3 

20 

12.0 

25 

12.5 

30 

13.1 

38 

14.2 

40 

14.25 

42.5 

14.3 

43.5 

12.5 

45 

12.4 

50 

12.7 

60 

14.2 

61 

14.2 

63 

14.9 

63.5 

14.8 

63.7 

17.0 

65 

7.0 

B-39 


RUN  NO.  14 


DATE:  5/16/77 


Type  " S " 


Comment: 


1700 °K,  O2  Thermocouple,  18 °C  Reference 


Induction  heater  cut-out 

Time  (sec) 

0 

10 

12 

15 

20 

25 

29 

30 

32.5 

35 

40 

45 

48 

50 

55 

60 

65 

70 

80 

90 

100 

105 

107 

110 


before  temperature  reached 

Output  (mv) 

0 

8.3 

9.1 

11.0 

12.8 

13.2 

13.2 

12.4 

10.1 

11.4 

12.7 
13.15 
13.2 

13.4 
13.6 

13.6 

13.7 

13.8 

13.8 
13.7 
13.6 

13.5 

13.5 

10.5 


B-40 


RUN  NO.  15 


DATE:  5/16/77 


Type  "S"  1500 “k,  O2  Thermocouple,  18 ®C  Reference 
Pressure  = .5  atm 
AW  = 11.97  mg 


Comment:  Good  data 

Time  (sec) 
0 

10 

11.5 

13 

18 

20 

25 

30 

40 

50 

60 

66 

70 


Output  (mv) 
0 

11.8 

13.4 

13.4 

12.5 
12.5 
12.45 
12.2 
12.1 
12.0 
12.0 
12.0 

8.9 


B-41 


RUN  NO.  16 


DATE:  5/16/77 


Type  "S"  17  00 ‘’k,  O2  Thermocouple,  18  °C  Reference 


Comment:  Pressure  increased  to  10  inch  vacuum  by  end  of  run, 

excess  time  required  to  reach  temperature 

Time  (sec)  Output  (mv) 


0 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

76 

80 

85 

90 

99 

100 


7.3 

10.2 

12.6 

13.5 

13.6 

13.5 

13.6 

13.7 
13.9 

13.8 

13.8 
14.0 
14.0 

14.0 

14.1 

14.2 

14.2 

14.2 
13.4 


RUN  No.  17 


DATE;  5/17/77 


Type  "S" 
Pressure 
AW  = 70. 

Comment : 


1700 "k,  Ot  Thermocouple,  18 “c  Reference 


= . 5 atm 
39  mg 

Good  data  but  temperature 

Time  (sec) 

0 

5 

10 

12 

15 

20 

25 

30 

40 

45 

50 

60 

65 

70 


slightly  lower  than  ,1700  “k 

Output  (mv) 

0 

7.0 

12.0 

13.6 

15.6 

14.8 

14.0 

13.8 

13.8 

14.0 

14.1 

14.1 
14.0 

9.  8 


B-43 


RUN  NO.  18 


DATE:  5/17/77 


Type  ”S" 
Pressure 
AW  = 50. 
Comment : 


1700“k,  H20(v)  Thermocouple,  18®C  Reference 
= . 5 atm 
90  mg 

Temperature  too  low 


Time  (sec) 
0 

10 

15 

20 

22 

25 

30 

40 

50 

55 

60 

65 

70 

75 

80 


Output  (mv) 
0 

11.4 

13.3 

13.8 

13.8 
14.0 
14.0 

13.9 
13.8 
13.7 
13.6 
13.6 
13.6 
13.6 

9.4 


B-44 


RUN  NO.  19 


DATE:  5/17/77 


Type  "S"  1700 °K,  H20(v)  Thermocouple,  18 “c  Reference 
Pressure  = . 5 atm 
AW  = 63.2  mg 

Comment:  Condensation  occured  on  sample  during  run,  pressure 
not  maintained  at  15  inch  during  run,  data  may  be 
questionable 


Time  (sec) 


Output  (mv) 


0 

10 

15 

20 

25 

30 

35 

40 

45 

50 

51 

54 

55 
60 
65 
70 
73 
75 


0 

11.8 

13.6 

14.4 

14.6 
14.45 
14.2 
13.8 

13.7 

13.5 

13.4 

13.6 

13.5 

13.5 

13.6 

13.6 

13.7 

11.6 


I 


B-45 


Jj 


RUN  No.  20 


DATE:  5/17/77 


Type  "S"  1200 °K,  H20(v)  Thermocouple,  18 °C  Reference 
AW  = 8.56  mg 
Comment : Good  data 


RUN  NO.  21 


DATE:  5/17/77 


Type  "S"  1200'’k,  H20(v)  Thermocouple,  IS^C  Reference 
Pressure  = .5  atm 
AW  = 8.1  mg 


Comment:  Good  data 

Time  (sec) 
0 

10 

20 

30 

35 

40 

50 

52 

55 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

210 

230 


Output  (mv) 
0 

3.5 
6.2 

7.5 

7.8 
8.1 

9.2 

9.5 

9.5 

9.3 
9.0 

8.8 
8.75 
8.7 

8.6 
8.6 
8.6 
8.6 
8.6 
8.6 
8.6 
8.5 
8.5 
8.5 
8.5 
8.  4 


B-48 


RUN  NO.  22 


DATE:  5/18/77 


Type  "S" 
Pressure 

Comment : 


1500 “k,  O2  Thermocouple,  18 “c  Reference 


1.0  atm 

Specimen  ignited  after  35 

seconds 

Time  (sec) 

Output  (mv) 

0 

0 

1 

.6 

7 

.6 

10 

2.4 

20 

7.9 

25 

9.0 

27 

9.9 

30 

11.0 

35 

11.8 

38 

11.8 

40 

11.7 

43 

11.6 

45 

11.65 

50 

11.9 

55 

12.0 

60 

12.0 

70 

11.9 

73 

12.4 

75 

14.2 

76 

20.0 

77 

20.0 

80 

11.6 

B-50 


i 

RUN  NO.  23  DATE:  5/18/77  : 

Type  "S"  1400  K,  O2  Thermocouple,  18  C Reference  ’ 

Pressure  = 1.0  atm  ' 


Comment;  Temperature  too  high 


RUN  NO.  24 


DATE:  5/18/77 


Type  ’’S" 
Pressure 
AW  = 15. 

Comment: 


1400'’k,  0»  Thermocouple,  18°C  Reference 


= 1.0  atm 
mg 

Good  data 

Time  (sec) 
0 

10 

15 

18 

20 

25 

28 

30 

35 

40 

45 

50 

55 

60 

70 

77 

80 


Output  (mv) 
0 

5.8 
7.6 
8.3 
9.0 

10.7 
11.0 
11.0 

10.8 
10.6 
10.6 

10.7 

10.8 
10.8 
10.8 
10.8 

8.9 


B-52 


RUN  NO.  25 


DATE:  5/18/77 


Type  "S" 
Pressure 
AW  = 50. 

Comment; 


1400  °K,  H20(v)  Thermocouple,  18 ‘’C  Reference 
= 1.0  atm 
63  mg 


Good  data 

Time  (sec) 

0 

0 

6.5 

10 

15 

20 

25 

30 

40 

45 

50 

55 

60 

65 

70 

80 

90 

91 
95 


Output  (mv) 

0 

.2 

.2 

2.4 

6.7 

7.8 

8.9 

9.9 
10.9 
11.0 
11.1 
11.1 
10.9 
10.8 
10.8 
10.7 
10.6 
10.6 

8.2 


RUN  NO.  26 


DATE:  7/8/77 


Type  "S"  Thermocouple , 1500°K,  H2O 
Pressure  = .5  atm 
AW  = 31.2  mg 

Comment:  Time  more  like  58-63  sec  but  steady  temperature,  good 

run. 


Time  (sec) 
0 

5.0 

10.0 

15.0 

17.5 

20.0 

22.5 

25.0 

27.5 

30.0 

35.0 

40.0 

45.0 

50.0 

55.0 

60.0 

65.0 

70.0 

75.0 

80.0 

85.0 

90.0 

92.5 


Output  (mv) 
0 

3.4 

6.4 

8.4 
9.0 
9.8 

10.8 

11.2 

11.3 

11.4 
11.6 
11.8 

11.9 

11.9 

11.9 

12.0 

12.0 

12.0 

12.0 

12.0 

12.0 

11.9 

10.1 


B-56 


RUN  NO.  27 


DATE:  7/8/77 


Type  "S"  Thermocouple, 
Pressure  = 1.0  atm 


1450“k, 


H2O 


AW  = 31.2  mg 

Comment:  ''-53  seconds  at  1500 “k  but  additional  35  seconds 
initial  at  '\-1400“k.  No  good. 


Time  (sec) 

i 


Output  (mv) 


0 0 


2.5 

1.4 

5.0 

3.0 

10.0 

6.1 

12.5 

7.3 

15.0 

8.2 

17.5 

8.9 

20.0 

10.1 

22.5 

10.9 

25.0 

11.1 

26.0 

11.2 

27.5 

10.9 

30.0 

10.9 

35.0 

11.0 

40.0 

10.9 

44.0 

10.6 

46.0 

10.8 

50.0 

11.1 

55.0 

11.3 

60.0 

11.5 

65.0 

11.6 

70.0 

11.8 

75.0 

11.9 

77.5 

12.0 

B-57 


i 


RUN  NO.  27  continued 


Time  (sec) 

80.0 

85.0 

90.0 
92.5 

95.0 
100.0 

105.0 

110.0 
111,0 
112.5 


Output  ( mv) 

11.9 

11.9 

11.9 

12.0 

11.9 

11.9 

11.9 

11.8 

11.8 

10.4 


B-58 


RUN  No.  28 


1 


Type  "S"  Thermocouple,  1500®K,  H2O 
Pressure  = 1.0  atm 
AW  = 40.0 

Comment:  "^SS-BO  sec  at  1500®K  but  additional  35  sec  initial  at 
'\-1400®K.  No  good 


Time  (sec) 


Output  (mv) 


0 

0 

2.5 

.3 

5.0 

2.8 

7.5 

5.1 

8.5 

5.7 

10.0 

7.8 

12.5 

9.2 

15.0 

10.4 

17.0 

11.2 

18.0 

11.2 

20.0 

11.4 

22.5 

11.7 

25.0 

12.0 

30.0 

12.1 

35.0 

12.0 

40.0 

12.0 

45.0 

12.0 

50.0 

11.9 

55.0 

11.9 

60.0 

11.9 

65.0 

11.9 

70.0 

11.8 

75.0 

11.8 

77.0 

11.8 

80.0 

i .2 

1 


I 


i 


B-59 


RUN  NO.  29 


Type  "S"  Thermocouple,  1200 °K,  H2O 
Pressure  = .5 
AW  = 6.8  mg 

Comment;  Temperature  overshot  initial  "^^40  sec 


Time  (sec) 
0 

2.5 

5.0 

10.0 

11.0 

15.0 

17.5 

20.0 

25.0 

27.5 

30.0 

32.5 

35.0 

40.0 

45.0 

50.0 

55.0 

60.0 

65.0 

67.5 

70.0 

75.0 

80.0 

82.5 
85.0 


Output  (mv) 
0 

2.0 

4.0 

6.7 

7.1 

7.6 

7.8 

8.2 

9.0 

9.2 

9.3 

9.3 

9.1 

8.8 

8.7 

8.6 

8.6 

8.7 

8.6 

8.5 

8.4 
8.4 

8.2 
8.1 
8.2 


B-60 


r ^ 


RUN  NO.  29  continued 

Time  (sec)  Output  (mv) 


9 0.0 

8.2 

95.0 

8.2 

100.0 

8.2 

105.0 

8.3 

110.0 

• 

00 

115.0 

8.4 

120.0 

• 

00 

125.0 

• 

00 

130.0 

in 

• 

00 

135.0 

8.5 

140.0 

8.5 

145.0 

8.5 

150.0 

8.5 

155.0 

8.5 

160.0 

8.4 

165.0 

8.4 

170.0 

00 

175.0 

• 

00 

180.0 

8.3 

182.5 

6.7 

RUN  NO.  31 


DATE:  7/11/77 


Type  "S"  Thermocouple,  1700’’k,  H^O 
Pressure  = . 5 


AW  = 65.8  mg 

Comment:  Temperature  low  most  of  run,  more  like  '^>70  sec  at 

leOG^K. 

Time  (sec)  Output  (mv) 


0 


0 


10 

15 

20 

25 

30 

35 

40 

50 

60 

65 

70 

80 

85 

87 

90 


6.6 

10.3 

12.5 
12.9 

13.3 

13.5 

13.8 

13.8 

13.8 

13.6 

13.4 

13.5 
14.0 
14.2 
14.0 

9.3 


B-62 


RUN  NO.  33 


DATE;  7/11/77 


DATE:  7/11/77 


run  no.  34  DATE:  7/11/77 

Type  "S"  Thermocouple,  1700 “k,  O2 
Pressure  = . 5 atm 
AW  = 102.4 

Comment:  Stable  temperature  not  achieved,  low  temperature, 

time  '^'70  sec  at  '^'1o00'’k. 


Time  (sec) 
0 

10 

15 

20 

25 

30 

40 

45 

47 

50 

53 

60 

65 

70 

75 

78 

80 

90 

98 

100 


Output  (mv) 
0 

7.8 

10.8 

13.0 
13.2 

13.4 

14.0 
13.9 

13.8 

13.9 

14.1 
13.9 
13.8 

13.7 

13.5 

13.4 

12.7 

12.4 
12.0 
10.0 
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RUN  NO.  35  DATE:  7/12/77 

Type  "S"  Thermocouple,  1600°K,  0^ 

Pressure  = .5 
AW  = 120.7  mg 

Comment:  1700 “maintained  only  10  sec,  '^'60  sec  total,  most 

at  1500 “k+,  no  good 

Time  (sec) 

0 

10 
15 
20 
25 
27 
30 
35 
40 
42 
45 
50 
60 
70 
75 
80 
85 

89 

90 


DATE:  7/12/77 


RUN  NO.  36 

Type  "S"  Thermocouple,  1500°K,  O2 
Pressure  = . 5 atm 
Aw  = 35.6  mg 

Comment:  Overshoot  to  nearly  1700®;  "vlO  sec  at  '''1400“K;  27 

sec  above  1500 °K,  no  good 


DATE:  7/12/77 


RUN  NO.  37 

Type  "S"  Thermocouple,  1500 “k,  O2 
Pressure  = 1.0  atm 
AW  = 15.9  mg 

Comment:  Good  run,  50  sec  at  '^1500 °K 


Output  (mv) 
0 

7.0 

9.6 

11.6 

11.9 

11.8 


Time  (sec) 
0 

10 

15 

20 

22 

25 


30 

35 

40 

50 

60 

68 

70 


11.5 

11.4 

11.3 

11.2 

11.2 

11.2 

9.4 


RUN  NO.  38 


DATE:  7/12/77 


f 


I 


Type  "S"  Thermocouple,  1500 “k,  O2 
Pressure  = 1.0  atm 
AW  = 16.7  mg 

Comment:  Slight  overshoot  for  first  10  sec  to  'v1550“k  and 

undershoot  for  last  40  sec  to  '\-1450‘’K,  good 


Time  (sec) 


Output  (mv) 


0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

68 

70 


0 

5.2 

8.0 

11.0 

12.0 

11.2 

10.9 

10.7 

10.7 

10.8 
10.9 
11.0 
11.0 
11.0 

9.4 


♦ 

1 I 
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RUN  NO.  39 


Type  "S"  Thermocouple,  1300 °K,  O2 
Pressure  = . 5 atm 
AW  = 10.8  mg 

Comment:  Temperature  overshoot  and  average  of  '\'1300'’K  for 

entire  300  sec 


Time  (sec) 


, Output  (mv) 


0 

0 

10 

5 

20 

9 

25 

9 

30 

10 

35 

10 

40 

10 

45 

10 

50 

10 

55 

10 

60 

10 

70 

10 

80 

10 

90 

9 

100 

9 

110 

9 

120 

9 

130 

9 

140 

9, 

150 

9, 

160 

9, 

170 

9, 

180 

9. 

190 

9. 

RUN  NO.  39  continued 


RUN  NO.  40 


DATE:  7/13/77 


Type  "S"  Thermocouple,  1300 “K,  O2 
Pressure  = . 5 atm 


AW  = 10.1 

Comment:  Temperature  overshoot  and  average  of  ''-1300 °K  for  entire 
300  sec 


Time  ( sec) 
0 

10 

15 

20 

25 

30 

35 

40 

45 

50 

60 

70 


100 

110 

120 

130 

140 

150 

160 

170 

180 

190 


Output  (mv) 
0 

4.4 

6.0 

7.3 

8.0 

8.4 
8.9 

9.4 

9.6 

9.7 
9.6 

9.5 
9.4 
9.4 
9.3 

9.2 

9.2 

9.2 

9.2 

9.2 

9.2 

9.1 

9.1 

9.1 
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RUN  NO.  40  continued 


Time  (sec) 


Output  (mv) 


200 

210 

220 

230 

240 

250 

260 

270 

280 

290 

300 

310 

320 

327 

330 


9.1 

9.05 

9.0 

9.0 

9.0 

9.0 

9.0 

9.0 

9.0 

9.0 

9.0 

9.0 

9.0 

9.0 

8.0 


I 

I 


! 
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RUN  NO.  41 

Type  "S"  Thermocouple,  1700°K,  O2 
Pressure  = 1700  K 

Comment:  Ignited  at  5 sec,  strange  response  above  1500 ®K 


Time  (sec) 

0 

5 

10 

15 

20 

22 

25 

30 

35 

40 

45 

47 

48 

49 

50 


Output  (mv) 
0 

2.7 

5.8 
8.3 

11.0 

11.7 
12.4 
12.2 
12.2 
12.9 

14.8 
15.3 

19.8 

19.8 
14.2 


RUN  NO.  42 


Type  "S"  Thermocouple,  1250 ®K,  H2O 
Pressure  = . 5 atm 
AW  = 17.0  mg 

Comment:  Temperature  1200°-1300'’k,  good 

Output  (my) 
0 

4.4 

6.4 

7.4 
7.9 
8.3 
8.6 


Time  ( sec) 
0 

10 

15 

20 

25 

30 

35 


RUN  NO.  42  continued 


Time  (sec) 


Output  (mv) 


130 

135 

140 

145 

150 

155 

160 

165 

170 

175 

180 

190 

200 

210 

220 

230 

240 

245 

250 

260 

270 

280 

285 

290 

300 

310 

320 

330 

332 

335 


8.7 

8.6 

8.5 

8.6 

8.7 

8.5 

8.6 

8.7 

8.7 

8.8 
8.8 

8.9 
9.0 
9.0 
9.0 
9.0 

9.0 

9.1 
9.1 
9.1 
9.1 

9.1 

9.2 
9.2 
9.2 
9.2 
9.2 
9.2 
9.2 

7.9 
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